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PROCESS FOR THE PRODUCTION OF POLYETHYLENE MATERIALS 



This invention relates to a process for the production of polyethylene materials such as of fibers, films 

and the like. h 

An ethylene polymer with an exfremeiy high molecular weight of say one million or greater is generally 
known as ultrahigh molecular weight polyethylene hereinafter referred to as "UHMW polyethylene". 
5 Polyethylene of this type is in common use as an engineering plastic material characterized by high 
resistance to impact and to wear and also by self-lubrication. It has been extensively applied to hoppers, 
silos gears, linings and the like for use in various industrial sectors ranging from food processing, civil 
engineering, chemistry, agriculture and mining to backing materials. for skis and the like for use in sports 

and leisure supplies. . ' 

to UHMW polyethylene, because of its high molecular weight, is literally too viscous for extrusion and 

orientation under usual molding conditions. _ 

Japanese Patent Laid-Open Publication No. 56-15408 discloses that a, gel resulting from a decalm dope 
of UHMW polyethylene is allowed to stretch-mold to give fibers of great strength and high elasticity. This 
dope however is rather iow-in polymer concentration, say 3 weight percent with a= polymer of 1.5 x 10 6 in 

75 weight-average molecular weight and one weight percent, with 4 x 10 6 . Rom the commercial point of view, 
such prior art method is undesirable in that dope formation requires large amounts of solvent and much 
attention of polymer solubilization, entailing cost burdens and handling inconveniences. 

To alleviate this problem, , there .have been proposed certain improved modes, of molding as disclosed 
for instance in Japanese Patent Laid-Open Publication No. 59-187618, No. 60-15120 and No. 60-97836 and 

so ' Preprints of the Society of High Polymers,, Japan, vol. 34. p. 837 (1985). whereby UHMW polyethylene can 
be oriented at lower temperature than its melting point as by, extrusion, stretching or rolling. These methods 
involve diluting the polymer in xylene, deealin, kerosine or the like, followed, by cooling or isothermal 
crystallization to. form a single crystal , mat which is then extruded and stretched in a solid phase. Mat 
formation is tedious and costly. . ... ... 

as Alternatively, it is known that UHMW. polyethylene can be extruded and .stretched as it is in a solid 
phase, this mode of molding has in many instances resulted in reduced stretching. 

It has now been found that polyethylene fibers, films and sheets of excellent -physical properties can be 
produced by a selected mode of molding from, a particulate polyethylene which is; obtainable by a selected 
polymerization reaction with a catalyst of a selected composition therefor, - 

30 It is therefore the primary object of the present invention to; provide a process for producing 
polyethylene materials of great mechanical strength; and high elastic modulus which is relatively simple and 
economically-feasible without involving undesirable molten or dissolved polymer. 

Other objects," aspects and features, of the invention will be better, understood from the following deiailed 

description. . 

35 According to one important; aspect of . the invention, there is provided a process, for producing a 
polyethylene material of great mechanical strength and high elastic modulus, which comprises drawing 
particulate polyethylene at a lower temperature. than a melting,. point thereof, the particulate polyethylene 
• having an intrinsic viscosity in the- range- of 5 - SO. dl/g at 135 a C in deealin. and derived by polymerizing 
ethylene at a temperature below such melting point and. in the presence of a catalyst comprising a solid 

40 component containing at least titanium and/or vanadium and an organometallic. compound. > ■■ 

According to another important aspect of the invention-, there is provided a process for producing a 
polyethylene material pf great mechanical strength and elastic modulus.- which, comprises drawing par- 
ticulate polyethylene of ultrahigh "molecular weight. at a lower temperature than a melting point thereof, the 
particulate polyethylene having an intrinsic viscosity in the range of 5 - 50 dl/g at 135°C in deealin and 

45 resulting from at least the following two stages of polymerization reaction: 

(a) a firsit reaction stage wherein ethylene is polymerized in a reactor with use of a composite catalyst 
comprising a solid component containing at least magnesium, titanium and/or vanadium and an or- 
ganometallic compound and in the absence of hydrogen or in the presence of hydrogen at reduced 
concentration to form 50 - 99.5 parts by weight of an ethylene polymer having an intrinsic viscosity in the 

so range of 12 - 50 dl/g at 135°C in deealin; and 

(b) a second reaction stage wherein a fresh feed, of ethylene is introduced into the same reactor and 
polymerized in, the presence of hydrogen at increased u concentration to form 50 - 0.5 parts by weight of an 
ethylene polymer having an intrinsic viscosity in the range of 0.1 - 4.9 dl/g at 135°C in deealin. 

UHMW polyethylene according to the present invention has the following characteristic features: 
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fiber, 2^117^ SUCh 33 ^ r U5i ° n -?^t ra " in ? giving high quallty 

2) Economical feasibility. 

The resutt.nsrpotymer has.an intrinsic viscosity of 9 i 50^'& ^SaTS'-C m-W 
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25 are such solvents as stated with th^first enibbdimerft ortf»> ^ . « > v 

01 0.1 - 4.9 dl/g at 135-C in de^TwT^' , h ° m °t'°Wier orxopblynw has an intrinsic viscosity 

presence Jl^Z^^t^^Z^SS^ "" h *" a "* Mtefi " in the 

reason .^JL™ 1^*55^5 1° ' ™ ^ M 

polyethylene products. moiecutar weightsTada^d to prov.de a' wide range of 

in.de!^^ 135-C 

vanadium for use ,n.* ere ^ titanium and/or 

for use in the second-embodiment T * 7 T^? ^/or vanadium 

Eligible titanium- compounds include" for ekamoie haliefire -ai^^-TWi^.; ».t 

Tf/nmT^ componds'-arefth-ose represented by the fbfaiiiaT-^ : k 

ETJV! " 3n " ,P °' ' ^ Carb ° n **Txii haicgen .ton,. * „ „ 

monoethoxytrichlorotitanium *^»vHrJl?f, , ™* ,ho,< >' m ° n »* l ™l«ni>»». tettamothoxytitanium. 

tetraisopropoxytitanium monoh. .w^h.^-T ' taisopropoxymonochldrotitanium. 

lorotitanium nS£L«xJS^^ d ibutoxydichiorotitanium, monopentoxytrich- 

tetraphenoxytitanium^e^ • ^^•chtorotttaritom. triphenoxymonpch.orotitanium, 
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Trivalent titanium compounds are those derived by reducing titanium tetrahaiides such as titanium 
tetrachloride and titanium tetrabromide with hydrogen, aluminum, titanium or organometallic compounds of 
Groups I to HI metals of the Periodic Table, or by reducing tetravalent aikoxytitanium haiides of the formula 

Ti(0R) m X4. m " 
5 where R is an alkyl group of 1 - 20 carbon atoms or an aryl or aralkyl group, X is a halogen atom ; and m is 
0 < m < 4, with organometallic compounds of Groups i to III metals. * 1 • 

Tetravalent titanium compounds are more preferred. 

Eligible vanadium compounds include for example tetravalent vanadium compounds such as vanadium 
tetrachloride, vanadium tetrabromide; vanadium tetraiodide,..tetraethoxy vanadium and the like, pentavaient 
10 vanadium compounds such as vanadium oxytrichloride, ethoxydichlorovanadyi. triethoxyvanadyl, tributhox- 
yvanadyl, o-aikyl vanadate and the like, and tnvalent vanadium compounds such as vanadium trichloride, 
vanadium triethoxide and the like. 

The titanium and vanadium compounds .eligible in the first embodiment may be used alone or in 
combination. The vanadium to titanium ratio is preferably jp r the range of 2:1 - 0.01 
75 These two transition metal compounds, either or both, may, be treated with one or more electron donors 
such for example as ethers, thioethers,. thiols, phosphines, stibines, arsines, amines, amides, ketones, esters 

and the like. . . , . , 

The transition metal compound may be suitably, used in combination with, a magnesium compound. 
Eligible magnesium compounds tnciude r for example magnesium, magnesium hydroxide/magnesium 

20 carbonate, magnesium oxide! magnesiu.ni haiides such magnesium- chloride, magnesium bromide, magne- 
sium iodide and magnesiuni f[upfide. and the- like, double salts, mixed oxides, carbonates, chlorides and 
hydroxides each containing both a 'metal f selected from silicon, aluminum and calcium and a magnesium 
atom, and those inorganic compounds derived /by treatment with water, organic oxygen-containing com- 
pounds such as alcohols, phenols, ketones, aldehydes, carboxy lie, acids and their esters, poiysiloxanes and 

25 their acid amides and the lite, inorganic oxygen-containing compounds sucfi as alkoxides and oxyacid salts 
of metals and the like, organic sulfur-containing compounds such as thiols, thioethers and the like, inorganic 
sulfur-containing compounds such as sulfur dioxide, sulfur trioxide, sulfur and the like; monocyclic or 
poiycyclic aromatic, hydrocarbons such" as benzene, toluene, xylene, . ^nthrathenev phenanthrene and the 
like, or halogen-containing compounds such as chlorine, hydrogen chloride, chlorides of metals, organic 

30 haiides and the like. . . ■. ., . ■ 

There may also be used as solid catalyst components one or more compounds represented by the 

formula r ...... t . . • > ^ 1 

R m Me(OR-) „x 2 . m .„ ; . ... . * ^ ■ 

where Me is one of Groups I to IV elements, z is the .valence pf Me, m is 0 £ m & z, n is 0 S c $ z, hence J 

35 £ m + n £ z, X is a halogen atomi and' R and K each are. a hydrocarbon moiety of an. alkyl group with a 
carbon number df 1 - 20, preferably f - 8, or an aryl or aralkyl group, R and^R' being the same or different. 

Specific examples include Mg(OC 2 H 5 ) 2 . Mg(OC 2 H5)Cl, f?(OC 2 H 5 )3, .AI<OCH 3 )3, AI(OC 2 H 5 )3, Al<Qn-C 3 H 7 )3.AI- 
(Oi-CaHzh. AI(Oh-C 4 H9)3*; AKOsec-CaHgb,. AKOt-C^iAKQCe^a, AI(OCaHi7)3, AI(OCH3)2QI, AKQC 2 H5) 2 G1,AI- 

r (OC2H 5 )Ci 2 , AI(Oi-C 3 H7)2Cl, ^bfC3H 7 )di2,. SKOC^Hb)* . SHQCaH&CI, Si(OC 2 H 5 )2CI 2 , ?i(OCaH 5 )Cb, SiCU. 

4o CH3SiCl3/(CH 3 )2SiC!2, CaH^iCIaf C^SiCb, CeHsSiCh, ^CeHjfcSiClz and the like. No 

particular restriction is imposed, oh the method of ; contacting these compounds with the titanium and/or 
vanadium compounds. Both classes of compounds may conveniently be admixed at 50 - 200°C for 5 
minutes -24 hours in an 'organic solvent selected from I inert hydrocarbons including alcohols, ethers, 
ketones, esters and the like, followed by removal of the solvent.. , - - , j ' 

45 The solid catalyst component eligible in the second embodiment typically fc includes titanium and/or 
vanadium carried in conventiorial manner on an inorganic magnesiumcontaining solid compound. Specific 
examples of the titanium, vanadium and magnesium compounds are those referred to as with the first 
embodiment. ( •. . ■ 

* Further details of the solid catalyst component are disclosed for instance in Japanese Patent Publication 
so No. 51-3514, No. 50-23864, No. 51-152, No. 52-15111, No. 52-11710 and No. 51-153 and Japanese Patent 

Laid-Open Publication No. 49-1 06581 and No. 56-95909. Modified forms of solid catalyst components may 

be used in the invention. One such form involves the use of a reaction product of a Grignard compound and 

a titanium compound as disclosed for instance in Japanese Patent Publication No. 50-39470, No. 54-12953 

and No. 54-12954 and Japanese Patent Laid-Open Publication No. .57-79009: 
55 Organometallic compounds according to the invention are compounds of Groups I to IV metals which 

are known as part components' of Ziegler type catalysts. Particularly preferred are organoaluminum 

compounds represented by the formulae 

R3AI 
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R2AIX 
RAIX2 
FbAIOR 
RAI(OR)X and 
R3AI2X3 



TxPss^nlT^' 20Carb ° n a ^°-n'arylbrira, ky , group. R being the same or different, 
and X is a halogen atom, and organoz.no compounds represented by the formula 

where R is an alky group of l - 20 carbon atoms, R being the same or different 

hntvfj? ex fP ,es ' nc,ude triethyialuminum, " trfisopropylaluminum. triisobutylaluminum tri-sec- 

^nn^T' - . trHe t bU ^ i ^'' " tridcty.a« U minum. diethyTalumTZ chtoriS 

ISZKS^ sesquichloride and dieTh yi2 Tnc a^d 

bv conttZ ST, V" 3 ' ^ meri2ation ^ Can be greatly enhanced in the secbnd embodiment 

tttrmM. importantly, the partfcuBte rtSyn^WdM^SWSWaSd „ : «tfWS twSSffZTSJ, 

iB melting po« MelBno mWDU, tauM prooucelw-satfefi-toy results ' OV?**™ lower than 
T„ ST! ""^^S^*^*!*^ commonly in the art 

' oJ£?Z212Zr*?*?: ? MauM ^»-«*—-« »in» There is no 

particular tes^on , moosea on ^ TOthod 6f compressing ' particulate por^ylene in the case of Ju 

dravTSo' UHMW^T, 3 " 1 * 8 'if* «<d higher elastic modulus as the higher the 

draw ratio. UHMW polyethylene according to the invention is significantly high in a draw ratio 0(20 °6o/ 
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Polyethylene fibers, films and sheets obtainable by the process of the invention have an elastic 
modulus greater than 120 GPa and a tensile strength more than 2 GPa. 

The present invention will now be further described by way of the following examples which should not 
be regarded as limiting the invention, in these examples, all intrinsic viscosities are as measured at 135°C 
5 in decalin and all parts by weight unless otherwise noted- 



Example 1 

70 (a) Preparation of Solid Catalyst Component 

Into a 400-ml stainless steel pot having therein 25 stainless steel balls, each 1/2 inch in diameter, were 
placed 10 g of commercially available magnesium chloride anhydride and 1.7 g of aluminum triethoxide. 
The mixture was ball-milled in a nitrogen atmosphere at room temperature for 5 hours, followed by addition 
75 of 2.2 g of titanium tetrachloride. Ball -milling was continued for further 16 hours. The resulting catalyst 
component had a per gram titanium content of 39 mg* 

(b) Polymerization 

20 , : 

A 2-liter stainless steel autoclave equipped with an induction stirrer was purged with nitrogen and 
charged with 1,000 ml of hexane, 1 mmoi of triethylaluminum and 10 mg of the above catalyst component. 
The mixture was heated with stirring to 60°C and the pressure in the system raised to 1.5 kg/cm 2 G with 
hexane vapor pressure. Ethylene was then charged to a total pressure of 10 kg/cm 2 G, and polymerization 
25. t was initiated. Ethylene was successively- fed from a 5-liter ethylene metering tank to maintain the system at 
. 10 kg/cm 2 G. Potymerization was continued until the pressures in the ethylene tank dropped to' 7 kg/cm 2 (first 
reaction stage). The resulting polymer showed an intrinsic viscosity of 18.9 dl/g. 

Unreacted ethylene in the system was quickly purged, followed by charge of hydrogen to 7 kg/cm 2 G 
and then of fresh ethylene to a total pressure of 10 kg/cm 2 G. Polymerization was resumed at 60°C. 
30 Ethylene feed was continued so that the system reached a total pressure of 10 kg/cm 2 G. Polymerization 
was continued until the pressure in the ethylene tank dropped to 3 kg/cm 2 (second reaction stage). 

The, polymer slurry was taken intosa -beaker, after which hexane was vacuum-evaporated to give 62 g of 
white, polyethylene. The amount of polymer was 70 parts in the first stage c and 30 (Darts in the second stage. 
The composite polymer had an intrinsic viscosity of 11.7 dl/g. ' 7 

(c) Solid Phase Extrusion and* Tensile 'Stretching ll 1 ; _ Jf 

Into a partly modified Instromxapiliary rheometer fitted with a cylinder of 0.9525 cm in inside diameter 
40 and, also with a dice of 0.39 cm --in, inside diameter and 1 ' of 1 cm in length was' placed about 10 g of the 
polymer obtained, in this Example,- followed by compression under condition^ of temperature 90° C, 
pressure 0.01 GPa and time 10 min. Extrusion was then effected under conditions of temperature 90°C, 
speed 0.06 cm/min, pressure as tabulated and. draw ratio 6. The draw ratio by extrusion was defined as the 
cylinder to dice ratio in terms, of cross-sectional area, - 
45 The resulting extrudate was stretch-molded with a tensile tester equippied with a temperature-constant 
chamber. Molding was possible \under* conditions of ■temperature 120° C- crbsshead speed 40 mrh/min and 
draw ratio 35. The physical properties of the molded piece were measured by a suitable known method and 
with the results shown in Table 1 below. 

50 

Comparative Example 1 

The procedure of Example 1 was followed except that compression was effected under conditions of 
temperature 200°C, pressure 0.02 GPa and time 15 min. The resulting extrudate was examined for stretch 
55 moldability under the conditions of Example 1(c). but the molded piece showed an extremely, reduced draw 
ratio with the results tabulated. 
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Example 2 



polyethylene. The amount of pol^neTiJ 90 1ST ,„ ? T" SK9K **8 63 9 °f white 

composite po, yme , had an inthnJc ^h, ^ 8 »»» *K0nd sage. The 



70 



Example 3 



75 



polyethylene, The.amonnt of AnS ^1^1 Jm^???''* 00 SB98 ' 62 9 °< «*«e 

compoaie polymer had an Inh^n Jc^Sty ^ ^ SiC0 " d ^ 

^ mo ' d ^ ^ * — « - no,. 
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Example, 4 



, ..(a) Preparation of Soiid Catalyst Component ' ] V- J v " 

f aluminJ^.* ^ ^ 

content of 32 m» ' .T^'^^^*'.™; 1 ^^' 0 ^ 1 *" • P« 9™ titanium 

30 (b) Polymerization ' K 1 " 7: ty * * 5 

... 1.000 - of hexane. 2 mmo, of 

with stirring to 40-C and the presluj fn t^SSS T^VT^^ ^ miXtUre W3S h ° ated 
* Polymerizations initiated with ethylene charS to T^i * ^ G With hexane vapor P^sure. 
continued from a 5-liter ethytene metering X £ ITL^T " ™ Ethy,ene feed was 

Polymerization was continued until the ZssuT in?h„ i ? 9 Sysiem was maintained at 10 kg/cm^G. 
stage). The resulting polymer shotld^Es^ 

i toT^ ao-C. Hydrcgen was 

. Resumed with successive-ethylene feed to a [2 ™L J^T"*^ 10 ks/cm?Q - p °'y™"*ation was 
* ^ ethylene tank dropped l^^l J^Z^ ^ 

" 0 « hexane. thereby giving 62 

^Ihe cpmposite.po.ymer ; ^ an ^ " sc 3ty 0 mS di? ^ "* 40 ^ * the seco " d 
.^^^^vTSS^^ StretCh -Wider** colons of Examp.e , (c , 



so Example 5 

(a) Preparation of Solid Catalyst Component 
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per gram of the resulting catalyst component. 9 vanad,um and 30 -6 ™9 of titanium 
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(b) Polymerization 

An autoclave similar to Example 1(b) was charged with 1.000 ml of hexane. 1 mmo. of trie 
and 10 mg of the calalyst component prepared as in this Example. The mixture was heated w, h st.rnng to 
5 S-C and the pressur in the system raised to 1.5 kg/cm^G with hexane vapor pressure. Polymenzatjon 
was inSed wSh a charge of ethylene to a total pressure of 10 kg/cm'G. Ethylene was success.ve y fed 
from a Wtor ethylene metering tank to maintain the system at 10 kg/cm*G. Polymerization was continued 
untn the P ?essl in the ethylene tank dropped to 7 kg/cm* (first reaction stage). The resulting polymer 

showed an intrinsic viscosity of 20.5 dl/g. ^i^zr *nri 

,o The autodave was quick.y purged of unreached ethylene and charged w,th hydrogen to 7 J^G and 
then fresh ethylene to a total pressure of 10 kg/cm^G. Polymerization was resumed with S uccess.ve 
Xylene ST total pressure of 10 kg/cm^G and continued until: the pressure in the ethyiene tank 

dropped to 3 kg/cm 2 (second reaction stage). . . 

The polymer slurry was taken into a beaker, and hexane was then removed m vacuum *J^J<* 
75 white polyethylene. The amount of polymer was 70 parts in the first stage and 30 parts m the second stage. 
The composite polymer had an intrinsic viscosity of 13.8 dl/g. * 

The polymer was tested for extrusion and stretch moldability under the condit.ons of Example 1(c). 
Molding was possible with the results tabulated. v 

Example 6 

The procedure of Example 2 waslfolloyved except that polymerization temperature was reduced to 20"C 
in the first reaction stage. The resulting composite;polymer had;an intrinsic viscosity of 30.1 dl/g. 

MoldabuS tests were conducted under the conditions oj Example 1(c). Molding was poss.ble wrth the 
results tabulated. 
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Example 7 

(a) Production of UHMW Polyethylene 
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The polymer showed a melting point (peak temperature) of 141 .0°C as measured without heat 
treatment by differential scanning caiorimbtry with temperature rise 5°C/min (DSC-20 calorimeter, manufac- 
tured by Seiko Denshi Kogyo K. K.). 

5 

(b) Rolling and Tensile Stretching 

The polymer obtained in this Example was pressed at 125 b C and at 0.02 GPa into a 0.2 mm thick film 
which was then passed at 130°C through a pair of counter-rotating rollers each dimensioned to be 100 mm 
70 in diameter and 500 mm in crosswise length and having different peripheral speeds, thereby forming a film 
drawn at a ratio of 6. 

Stretch moldability of the resulting film was tested with a tensile tester similar to Example 1(c) and 
under conditions of temperature 120°C and crosshead speed 40 mm/min. Molding was possible at a draw 
ratio of 20 with the physical properties shown in Table 2. / 

75 

Comparative Example 2 

The procedure of Example 7 was followed except that the rolling temperature was elevated to 200 °C 
20 beyond the melting point of the polymer formed. 

The resulting film was examined for stretch moldability under the conditions of Example 7(b) and with 
the results tabulated. The molded piece showed a draw ratio of only 1 .3, meaning that it failed to exhibit its 
characteristics as being a highly strong and elastic polyethylene material. 

.25 

Comparative Exampte 3 .. 

The procedure of Example 7 was followed except that t ppmpress.ion was effected prior to rolling with 
temperature 200° C, pressure? 0.02 GPa and time. 15 min. The test piece so compressed showed a melting 
30 point of 132.5°C. 

Rolling and stretch moldability of the resulting rolled film was examined under the conditions of 
Example 7(b) and with the results tabulated. 

35 Example8 . . t: *.-..; r><: ■ 

[ The "procedure of Example^ was followed except that; tbe-pQjymerizaticn temperature was elevated to 
60*C; triereby gVing polyethylene of 140.8*0 and an intrinsic viscosity of 18.0 dl/g. 

" Moldability tests were conducted under the- conditions of Example 7(b). Molding was possible with the 
40 results tabulated. - , ; ^ : \ , ^ ' ; < ' y 




55 



10 



0 253 513 



T a b„ 1 



• ■ .2 





run 


— 


ratio 


elastic 


— 

tensile 


10 ' 


rolling 


tensile 
stretching.. 


modulus 
(GPa) 


strength 
(GPa) , 




Example 7 


6 


20 


130 


3.6 


75 


Comparative 
Example 2 


6 




18 


1.3 




3 


6 


3.0 


20 


0.5 


20 . 


Example 8 


6 


20 


. 125 . i 


2.8 



35 



40 



: Example 9 ; ^ * , - . / - 

25 (a) Preparation of Solid Catalyst Component 

(b) Polymerization .-;•„-....,.. 



mm !?? t *°T?, Similar t0 ^P' 6 1(b) Was P ur 9 ed "itrogen and charged with 1 000 mi of hexane 1 

Z^oTcZZ 10 mg of the H cata,yst component prepared - ^ 

w m stirnng to 70 C and the pressure in the system raised to 1.6 kg/cm^G with hexane vaoor oressura 

T^-S^t ^.nta.n : th 9 system at TO kg/cm*G. •PbMHza^^'diaetf for ao'minutes^ 

qivir^o^it^ rVe« was vacuum-evaporated, thereby 

g.v.ng 72 g of wh.te polyethylene havmg an intrinsic viscosity of 15.2 dl/g and a melting point of 1* V r>C 



45 



SO 



(c) Solid Phase Extrusion and Tensile Stretching 

^aml a fJ.n^K he0meter t0 ^P' 6 1(C) W3S put above 5 9 of *» Po'y^r obtained in this 

Sn and by J : ° mpress,on under conditions ° f temperature 120'C. pressure 0.02 GPa and time 10 

^Sd^ST" ^ COnditi ° nS ° f t6mperatUre 13 °' C - Speed 024 « 
temp^rLTl^ TJt ^ * 1 < C > and under <* 
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Comparative Example 4 

The procedure of Example 9 was followed except that the extrusion temperature was elevated to 

200°C. : 

The extrudate was examined for stretch moldability under the conditions of Example 9(c). but the 
molded piece revealed reduced draw ratio with the physical properties tabulated. 



Example 10 

10 

The procedure of Example-9 was followed except that a dice of 0.28 cm in inside diameter and 1 cm in 
length was used, thereby giving an extrudate drawn at a ratio of 12. 

Stretch moldability of the extrudate was tested under the conditions of Example 9(c). Molding was 
possible with the results tabulated. 

is 

Example 1 1 

(a) Preparation of Solid Catalyst Component 

The procedure of Example 9(a) was followed except that 2.2 g of aluminum triethoxide was used in 
combination with 3.2 g of silicon tetraethoxide. The resulting catalyst component had a per gram titanium 
content of 32 mg. 

25 

(b) Polymerization 

An autoclave similar to Example 9(b) was charged with 1,000 ml of hexane, 1 mmoi of triethylaluminum 
and 10 mg of the above catalyst component. The mixture was'heated with" stirring to 60°C and the pressure 
30 in the system raised to 1 .5 kg/cm2G with hexane vapor pressure. Ethylene was charged to a total pressure 
of 10 kg/cm 2 G, and polymerization was initiated. With successive ethylene feed to maintain the. system at 
10 kg/cm 2 G, polymerization was continued for 30 minutes. 

The polymer slurry was put into a beaker, after which hexane was vacuum-evaporated to give 75 g of 
white polyethylene having an intrinsic viscosity of 18 J dl/g. . ....... 

35 Mi \ v^'/;:' \^ ; * . 'V ... ' ' v...- ' - , 

(c) Solid Phase 'Extrusion- and Tensild Stretching ' 

The above polymer was tested for extrusion and stretch moldability under the conditions of Example 9- 
40 (c). Molding was possible with the results tabulated. 

Comparative Example 5 

45 1 The procedure of Example" f i was followed except that the extrusion temperature was elevated to 

■ 200°C. - ' " 1 ■ " " K 

The resulting extrudate was examined for stretch moldability under the conditions of Example 11(c) and 

with the results tabulated. 

50 

Comparative Example 6 - 

The procedure of Example 11 was followed except that 'compression was conducted prior to extrusion 
with temperatue 200°C, pressure 0.02 GPa and time 15 min. The molded piece showed a melting point of 
55 132°C. 

The resulting extrudate was examined for stretch moldability under the conditions of Example 1 1 (c) and 
with the results tabulated. 
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Example 12 



5 



10 



75 



20 



The procedure of Example 11 was followed except that a.dice of 0.34 cm in inside diameter and 1 cm 
m length was used, thereby giving an extrudate drawn at a ratio of 8 ammeter and 1 cm 

resuL^ulaW^ ^ COnditions ^ of . E * am P<* Molding was P ossib«e' with the 

Example 13 

Comparative Example 7 

The^ S Xa Ce r 0 nL EX r P,e 13 W ^/ 0,,0wed exce <* ^at the rol.ing temperature was elevated to 200'C. 
i ne resulting rolled film was examined for stretch moldability with the results tabulated. 



Example 14 ' ' ' "'" '~~ ''• ■ '' • '•' " v * ' "' ' ' ; '•■ ' 

25 (a) Preparation of Solid Catalyst Component 



30 



(b) Polymerization 



35 



40 



and^r^^ 

pre^ToT^S "S*?* ^ W ^ 

s y sSm at 1 o lcS^,l a P r en2at, ° n ^ initi ^ d -^tbytene ;f feed,was continued -to maintain me 
system at io kg/cm^Q. Polymerization was continued for 30 minutes 

"^A^S^S^ZST^ a ^*'^ evaporation. othexane, thereby 
giving ou g ot white polyethylene having an intrinsic viscosity of^^dj/g. , 



(c) Rolling and Tensile Stretching 



45 



li*iF?!3T' 88 ah?Ve " a5 V " > '!° tlJn ".WWiMtar » Example 7(b) lo thereby 



so Example 15 



40«C h t e h ( P rl CedUre ° f ^ a T' e 9 W3S f0 " 0Wed that the Polymerization temperature was reduced to 

40 C, thereby giving polyethylene whose intrinsic viscosity was 28 0 d/g reduced to 

s* resu^Sd^ ^ C ° ndUCted ^ C ° nditi0n5 ° f Exam <* e «<* Mo ' di "9 was possible with the 
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Claims 

1. A process for producing a polyethylene material of great mechanical strength and high elastic 
modulus, which comprises drawing particulate polyethylene at a lower temperature than a melting point 
thereof, said particulate polyethylene having an intrinsic viscosity in the range of 5 - 50 dl/g at 135°C in 

14 
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detain and derived by polymerizing ethylene, at .a temperature below said melting point and in the 

^— ~d omprisin9 a soiid — nt ~" w " - -* *•*»■ — - - 

. Op/an?: X^LXZ ^ ^ — modulus greater than 120 

3. The process of ciaim 1 wherein said particulate polyethylene has a melting point higher than 138'C 

4. The process o ciaim 1 wherein said drawing comprises extrusion and stretching 

SETS Sc^Lr p " ta ""?. POl> ' elh! ' te * ^ - in Z 

' £ ^IXZL"** P*-**i has W*«W. viscosity * „ e range 0 , 
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